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Objectives:  This  study  prospectively  determines  the shear  wave  elastography  characteristics  of  parathy-
roid adenomas  using  virtual  touch  imaging  quantiﬁcation,  a non-invasive  ultrasound  based shear  wave
elastography  method.
Methods:  This  prospective  study  examined  57 consecutive  patients  with  biochemically  proven  primary
hyperparathyroidism  and solitary  parathyroid  adenoma  identiﬁed  by  ultrasound  and  conﬁrmed  by at
least one  of  the  following:  surgical  resection,  positive  Technetium–99  m Sestamibi  Scintigraphy  (MIBI)
scan, or  ﬁne  needle  aspiration  biopsy  with  positive  PTH  washout  (performed  only  in MIBI  negative
patients).  Vascularity  and  shear  wave  elastography  were  performed  for all patients.  Parathyroid  adenoma
stiffness  was measured  as shear  wave  velocity  in  meters  per  second.
Results:  The  median  (range)  pre-surgical  value  for  PTH  and  calcium  were  58 pg/mL  (19,  427) and
10.8  mg/dL  (9.5,  12.1),  respectively.  37  patients  had  positive  MIBI scan.  20 patients  had  negative  MIBI  scan
but  diagnosis  was  conﬁrmed  with  positive  PTH  washout.  42  patients  underwent  parathyroidectomy,  and
an adenoma  was  conﬁrmed  in  all. The  median  (range)  shear  wave  velocity  for all  parathyroid  adenomas
enrolled  in this  study  was  2.02  m/s  (1.53,  2.50).  The  median  (range)  shear  wave  velocity  for  thyroid  tissue
was 2.77  m/s  (1.89,  3.70).  The  shear  wave  velocity  of the  adenomas  was independent  of  adenoma  size,
serum  parathyroid  hormone  concentration,  or  plasma  parathyroid  hormone  concentration.
Conclusions:  Tissue  elasticity  of parathyroid  adenoma  is signiﬁcantly  lower  than thyroid  tissue.  B-mode
features  and  distinct  vascularity  pattern  are  helpful  tools  in diagnosing  parathyroid  adenoma  with  ultra-
sound. Shear  wave  elastography  may  provide  valuable  information  in  diagnosing  parathyroid  adenoma.
© 2016  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the  CC. IntroductionPrimary hyperparathyroidism is the most common cause of
ypercalcemia [1,2]. Most patients with primary hyperparathy-
oidism have a solitary parathyroid adenoma. Other causes include
Abbreviation: US, ultrasound; FNAB, ﬁne needle aspiration biopsy; PTH,
arathyroid hormone; SWE, shear wave elastography; VTIQ, virtual touch imag-
ng quantiﬁcation; m/s, meters per second; SWV, s hear wave velocity; LN, lymph
odes.
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glandular hyperplasia, multiple adenomas, and parathyroid carci-
noma [3,4]. Many patients with primary hyperparathyroidism have
a solitary adenoma that can be treated with unilateral minimally
invasive surgical techniques following accurate preoperative local-
ization [5].
The two most widely used imaging modalities for preop-
erative localization are ultrasound (US) and Technetium–99 m
Sestamibi Scintigraphy (MIBI) scan.In the past decade, the role of
US technology has become prominent in diagnosing head and neck
malignancy due to improved image quality. Adding color and power
Doppler to US exam improved detection of parathyroid adenomas
[6,7]. The diagnostic accuracy of MIBI scan is limited [8]. Several
publications reported a sensitivity of 50% to 85% for MIBI scan for
primary hyperparathyroidism [9–13]. Adding B-mode US and ﬁne
s article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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eedle aspiration biopsy (FNAB) with parathyroid hormone (PTH)
ashout to MIBI scan has improved localization of parathyroid ade-
oma [14].
Another recent modality is 4D CT scan. A recent publication
eported that 4D CT scan was able to show a distinct vascularity pat-
ern, polar vessel sign, in nearly two-thirds of surgically conﬁrmed
arathyroid adenoma [6].
The role of strain elastography in parathyroid localization was
xamined by Ünlütürk et al. between 2009 and 2010 [15]. The main
imitation of this study was the use of strain elastography, which
oes not perform tissue quantiﬁcation. Since this study was  pub-
ished, shear wave elastography (SWE), an improved method form
easuring tissue stiffness, has become available. We  were unable
o ﬁnd any published articles employing SWE  to localize parathy-
oid adenomas.
The use of SWE  in diagnosing malignancy in thyroid, breast
nd prostate has been established [16–19]. Virtual Touch Imag-
ng Quantiﬁcation (VTIQ) is a recently available 2D-shear wave
echnology generated by acoustic radiation force impulse. VTIQ is
apable of creating shear wave image and subsequent tissue quan-
iﬁcation in one display and allows for identiﬁcation of regions for
easurement of tissue stiffness [20]. Based on our prior experi-
nce with elastography and neck pathology, we propose that SWE
ay  be a useful tool in diagnosing parathyroid adenoma since
arathyroid adenoma has a different tissue composition, vascular-
ty pattern, and subsequent tissue stiffness.
. Objective
The aim of this study was to prospectively determine the SWE
haracteristics of parathyroid adenomas using the VTIQ technology.
. Materials and methods
This single center prospective study was approved by the Insti-
utional Review Board. A subject population of 64 consecutive
atients was evaluated in this Health Insurance Portability and
ccountability Act (HIPAA) compliant study from March 28, 2013
o October 12, 2015. All patients gave written informed consent.
e evaluated patients with US conﬁrmed solitary parathyroid ade-
oma and biochemically conﬁrmed primary hyperparathyroidism.
atients were studied both before and after the VTIQ technology
as approved by the FDA. All patients were evaluated clinically and
ith US by a single practitioner with more than 16 years of experi-
nce in thyroid, parathyroid, and neck US, and 8 months experience
sing SWE  routinely prior to study.
.1. Inclusion criteria
Patients included in this study were 18 years and older,
ad biochemically conﬁrmed primary hyperparathyroidism, and a
arathyroid adenoma candidate seen with US. Patients with pos-
tive neck US and negative MIBI scan underwent FNAB with PTH
ashout.
.2. Exclusion criteria
Patients were excluded from this study for the following rea-
ons: (1) A candidate for parathyroid adenoma was not found with
S. (2) Despite negative MIBI scan patients declined FNAB with PTH
ashout. (3) FNAB with PTH washout failed to conﬁrm a diagnosis
f parathyroid adenoma.
A total of 7 patients were excluded. In 4 patients we were unable
o ﬁnd a candidate for parathyroid adenoma. 3 patients with neg-
tive MIBI scan were excluded, of those, 2 patients refused FNABdiology 85 (2016) 1586–1593 1587
with PTH washout and in one patient FNAB failed to conﬁrm the
diagnosis of parathyroid adenoma.
In this study, parathyroid adenoma localization was conﬁrmed
by at least one of three end points. In group one, a positive MIBI scan
conﬁrmed the US ﬁnding. In group two, the MIBI scan was  negative
or discordant with positive US ﬁndings and FNAB for PTH washout
conﬁrmed the diagnosis and US localization. Finally, in group three,
the location of the parathyroid adenoma was  conﬁrmed by surgical
resection.
3.3. Conventional ultrasound
All patients in this study had a candidate for solitary parathy-
roid adenoma seen on initial US exam. MIBI scan was performed
subsequently. US exam of the neck included B-mode information
related to thyroid gland: homogenous versus heterogeneous; pres-
ence or absence of thyroid nodules. Patients were also evaluated for
the following B-mode characteristics of parathyroid adenoma: size
(length and height) and location in the neck (posterior/superior
versus posterior/inferior versus ectopic location). The presence of
polar vessels was examined with color Doppler and power Doppler.
3.3.1. Principle of acoustic radiation force impulse elastography
VTIQ is based on the principle of acoustic radiation force impulse
technology. In tissue, shear waves travel at a velocity of around
1–10 m per second (m/s) [20]. Using image based localization and
proprietary implementation of acoustic radiation force impulse
technology, the shear wave speed may  be quantiﬁed in a precise
anatomical region focused on a region of interest (ROI) with a pre-
deﬁned 1.5 mm size provided by the system [21]. The VTIQ image
is a color-coded display of relative shear wave velocities within the
user deﬁned ROI superimposed onto a conventional B-mode US
image. VTIQ is capable of four discrete shear wave display maps:
velocity, quality, travel time, and displacement [20].
3.3.2. Elastography exam
Conventional US exam and SWE  were performed with Siemens
ACUSON S3000 US system (SIEMENS Medical Solution, Mountain
View, CA, USA). The B-mode features and vascularity pattern were
recorded with 18LHD probe. The shear wave image was  created
and reproduced twice with a 9L4 Multi-D probe. Shear wave veloc-
ity (SWV) measurement was performed using VTIQ. A small ROI
box was  used to measure parathyroid tissue velocity. Two areas
within the parathyroid were measured, Read 1 and 2, because the
ROI box is relatively small (1.5 mm in diameter).The size of ROI  box
is predetermined by manufacturer and cannot be modiﬁed. Veloc-
ity mean was  deﬁned as the average of the two  parathyroid velocity
measurements. The elastography exam was the last part of the US
exam.
3.4. External observer evaluation
The US images were additionally reviewed by 2 independent
outside sonographers with >10 years experience in thyroid and
neck US. The reviewers were only informed that patients had
hyperparathyroidism.
3.5. Biochemical assays
At the time of initial visit, each patient had blood drawn
for the following measurements: calcium (reference range
8.5–10.2 mg/dL), PTH (15–65 pg/mL), phosphorus (2.5–4.5 mg/dL),
ionized calcium (4.5–5.6 mg/dL), and vitamin D (30–100 ng/mL).
They were also asked to collect 24-h urine for calcium and creati-
nine. Post-operative calcium and PTH levels were also measured.
All measurements were performed by LabCorp (LabCorp Research
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Table  1
Demographic and Clinical Characteristics N = 57.
Characteristic Mean (SD) and Median (range) or N (%)
Age 59.3 (13.5)a 61 (23, 82)b
Female 50 (88%)c
History of Thyroid Nodules 37 (65%)c
Location
Superior 16 (28%)c
Inferior 36 (63%)c
Ectopic 5 (9%)c
Parathyroid size (mm) 12.7 (6.1)a 11.5 (5.1, 30.5)b
Homogeneous Gland 37 (65%)c
Heterogeneous Gland 20 (35%)c
Polar Artery Visible 49 (86%)c
Positive Scan 37 (65%)c
Negative scan 20 (35%)c
FNAB 20 (35%)c
PTH washout level for those with a negative scan (N = 20) 14661 (19186)a 5155 (252, 61675)b
Surgery 42 (74%)c
Pre-op PTH mg/dL 77.1 (72.6)a 58 (19, 427)b
Pre-surgery Calcium mg/dL 10.9 (0.55)a 10.8 (9.5, 12.1)b
Vitamin D ng/dL* 34.0 (11.6) a 33.3 (4.0, 66.8)b
Phosphorus mg/dL 2.8 (0.64)a2.8 (1.4, 5.6)b
Ionized Calcium mg/dL* 5.9 (0.37)a5.9 (5.0, 6.9)b
24-h urinary Calcium mg/24 h** 225.7 (128.4)a 198 (41.0, 487.2)b
*N 56; **N 45.
a Mean (SD).
b Median (range).
c N (%).
Table 2
Parathyroid Adenoma and Thyroid Tissue Shear Wave Velocities.
Shear Wave Velocity N Mean (SD) Median (range)
Parathyroid Adenoma Read 1 (m/s) 57 2.00 (0.28) 2.06 (1.37, 2.6)
Parathyroid Adenoma Read 2 (m/s) 55 2.03 (0.23) 2.04 (1.6, 2.45)
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Thyroid  Tissue (m/s)
Difference between the mean of read 1 and 2 and tissue velocity 
riangle Park-Center for Molecular Biology & Pathology, Esoteric
ivision, Research Triangle Park, North Carolina).
.6. Technetium–99 Sestamibi scintigraphy (MIBI) scan
All patients had dual-phase parathyroid scintigraphy with
echnetium–99 m Sestamibi. Studies were analyzed by board cer-
iﬁed nuclear medicine specialists who were blinded to US results
nd study.
.7. FNAB with PTH washout
FNAB was performed only when a parathyroid adenoma can-
idate was seen on US that was negative on MIBI scan. Consent
as obtained prior to procedure. The procedure was performed
nder sterile conditions with US guidance to conﬁrm accurate nee-
le placement. One or two passes were made of each parathyroid
denoma using 27-gauge needles. PTH washout sample was  added
nto a 3cc tube containing 1cc normal saline. The presence of PTH
n biopsy sample would conﬁrm the diagnosis of parathyroid ade-
oma in the lesion under investigation. PTH washout reference
ange for this study was <10.0 pg/mL. This test was also performed
y LabCorp.
.8. Indication for parathyroid surgerySurgery was recommended for symptomatic hypercalcemia or
symptomatic patients according to international workshop state-
ent on the management of primary hyperparathyroidism based
n following criteria published in 2009 and revised in 2014: serum57 2.01 (0.24) 2.02 (1.53, 2.50)
54 2.78 (0.38) 2.77 (1.89, 3.70)
55 0.76 (0.33) 0.72 (−0.14, 1.62)
calcium level >1.0 mg/dL above upper limit of normal range(a);
reduced creatinine clearance to <60 mL/min(b); T score less than
−2.5 at any site or previous fractures(c); age <50 years(d); elevated
24 urinary calcium >400 mg/dL(e); and history of nephrolithiasis(f)
[1,22,23].
3.9. Statistical analysis
All analyses assumed a two-sided test of hypothesis, a signif-
icance level of 0.05 and were run in SAS v9.4. Demographic and
clinical characteristics are summarized as means and standard
deviations, medians and ranges and N and percent, as appropri-
ate. The primary goal of the study is to examine the potential
value of SWE  in diagnosing parathyroid adenoma. In this anal-
ysis SWV  measurements were performed twice and to improve
precision, the mean of the two readings was taken as the esti-
mated velocity. SWV  between parathyroid and thyroid tissue
was compared using a signed-rank test and parathyroid SWV
was compared between groups of interest (i.e., positive/negative
scan, surgical/non-surgical, polar vessel sign visible/not visible
(excluding ectopic location), superior/inferior location, homo-
geneous/heterogeneous gland, and presence/absence of thyroid
nodules) using Wilcoxon rank-sum tests. As such, SWV  sum-
mary statistics are reported as medians and ranges. Additionally,
PTH washout values, calcium and parathyroid size were com-
pared between those with a positive and negative MIBI scan using
Wilcoxon rank-sum tests, and a Pearson correlation coefﬁcient
was used to assess the association between parathyroid size and
SWV and to determine reliability of the SWV  reads. We  included
the following B-mode US features: size, presence or absence of
G. Azizi et al. / European Journal of Radiology 85 (2016) 1586–1593 1589
Table  3
Shear Wave Velocity Comparisons.
Group N Median (range) Velocity Wilcoxon rank-sum p-value
Positive MIBIa Scan 37 1.99 (1.53, 2.44) 0.10
Negative MIBIa Scan 20 2.11 (1.65, 2.50)
Surgical Group 42 2.07 (1.53, 2.50) 0.24
Non-Surgical Group 15 1.99 (1.55, 2.44)
Polar Vessel Visibleb 44 2.04 (1.53, 2.44) 0.15
Polar Vessel not Visibleb 8 1.91 (1.55, 2.20)
Superior Location 16 2.07 (1.65, 2.44) 0.23
Inferior Location 36 2.01 (1.53, 2.39)
Homogeneous Gland 37 2.03 (1.55, 2.45) 0.96
Heterogeneous Gland 20 2.01 (1.53, 2.50)
Nodules 37 2.07 (1.53, 2.50) 0.45
No  Nodules 20 2.00 (1.55, 2.44)
Size <10 mm 23 2.03 (1.55, 2.44) 0.47
Size ≥10 mm 34 2.01 (1.53, 2.50)
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b For those without ectopic location.
olar vessels, and location (posterior/inferior or posterior/superior
spect of thyroid gland or ectopic location).
. Results
Patient demographic and clinical characteristics are reported in
able 1, including pre-operative lab values. The median (range) pre-
urgical value for PTH and calcium were 58 pg/mL (19, 427) and
0.8 mg/dL (9.5, 12.1), respectively. The median (range) size for all
arathyroid adenomas was 11.5 mm (5.1, 30.5). Polar vessel sign
as present in 49 of 57 patients (86%). The results for color and
ower Doppler were similar. Thirty-seven patients (65%) had pos-
tive MIBI scan conﬁrming US ﬁnding and 20 (35%) had a negative
IBI scan with a subsequent FNAB to verify diagnosis.
Forty-two (74%) of 57 patients had parathyroid surgery and all
ad a parathyroid adenoma concordant with the US localization.
hree failed initial surgery and remained hypercalcemic. Of those
hree, two went on to have a successful second surgery. Only one
atient remained hypercalcemic due to a second adenoma that
as previously not localized with US or MIBI scan. Five patients
ad ectopic parathyroid adenoma, 3 had intra-thyroidal parathy-
oid adenoma and 2 patients had parathyroid adenoma in the right
eck at level 6, below and separate from the thyroid gland.
SWV  for each parathyroid adenoma read, the average of the
eads, and for thyroid tissue is displayed in Table 2. For the entire
ample, the median (range) SWV  was 2.02 m/s  (1.53, 2.50). Of note,
ven with the small sample the mean (±SD) SWV  was  similarly
.01 m/s  (±0.24). There was a statistically signiﬁcant difference
etween the SWV  for parathyroid adenomas and thyroid tissue
p < 0.0001). The median SWV  for adenomas with ectopic location
as 2.18 m/s  (2.0, 2.5). All ﬁve ectopic adenomas had visible polar
essels.
Table 3 displays the SWV  comparisons of interest. The
omparison groups included positive/negative scan, surgical/non-
urgical, polar vessel sign visible/not visible (excluding ectopic
ocation), superior/inferior location, homogeneous/heterogeneous
land, presence/absence of nodules and size of parathyroid ade-
oma <10 mm/≥10 mm.  No group difference achieved statistical
igniﬁcance (all p ≥ 0.10) and all group differences were ≤0.13 m/s.
dditionally, the correlation between parathyroid adenoma size
nd SWV  was minimal and nonsigniﬁcant, Rho = 0.06 (95% conﬁ-
ence interval: −0.31, 0.21; p = 0.68).
Lastly, we  compared PTH, calcium, and parathyroid adenoma
ize between those with a positive and negative MIBI scan. The
edian (range) PTH for those with a positive scan was 58 pg/mL
19, 427) and for negative scans was 63 mg/mL  (27, 198), p = 0.84.
he calcium levels were 10.8 mg/dL (9.5, 12.1) and 11.0 mg/dL(10.1, 12.1) for the positive and negative scan groups, respectively
(p = 0.59); and the parathyroid adenoma sizes were 12.3 mm  (5.1,
30.5) and 9.8 mm (6.1, 27.0) for the positive and negative groups,
respectively (p = 0.15). Six weeks after surgery the median post-
operative calcium and PTH levels were 9.3 mg/dL (8.4, 10.6) and
18 pg/mL (7, 123), respectively.
In this study, SWV  achieved good reliability (i.e., intra-observer
agreement between SWV  reads) with a Rho = 0.82. When the US
images were reviewed by 2 independent outside sonographers,
there was perfect (inter-observer) agreement across the three
assessments in all 57 cases.
See Figs. 1, 2 and 3 for examples of cases when B-mode US, polar
vessel sign, and SWE  images were used to identify the parathyroid
adenoma.
5. Discussion
In this prospective study, we describe SWE  characteristics of
conﬁrmed parathyroid adenomas in addition to their B-mode US
features and vascularity pattern. We  included only those patients
with an initial neck US that localized a candidate for a solitary
parathyroid adenoma.
The tissue stiffness measured by VTIQ-generated quantitative
SWE  may  provide valuable information in diagnosing parathy-
roid adenomas. The mean (±SD) SWV  was  2.01 m/s  (±0.24) for all
parathyroid adenomas enrolled in this study. The median (range)
SWV  was  2.02 m/s  (1.53, 2.50). Tissue elasticity of parathyroid ade-
noma is signiﬁcantly lower than thyroid tissue (2.77m/s; range
1.89, 3.70).
Our study demonstrates that single-gland parathyroid adeno-
mas  were more prevalent among female patients. The size of
parathyroid adenoma was  not a determining factor in SWV. The
median SWV  for the <10 mm  group was  2.03 m/s  (1.55, 2.44). The
median SWV  for lesions ≥10 mm  was 2.01 m/s  (1.53, 2.50).
Our study indicates that SWV  measurement of parathyroid ade-
noma may  enhance other sonographic parameters to predict the
diagnosis. In our experience, parathyroid adenomas appear to have
a more homogenous texture and lower tissue stiffness when com-
pared with thyroid gland. Increased tissue stiffness in the thyroid
tissue may  be in part due to inﬂammation and ﬁbrosis due to
chronic Hashimoto thyroiditis. Several studies reported increased
SWV in patients with Hashimoto thyroiditis [24–26]. It might
be challenging to differentiate parathyroid adenoma from lymph
nodes (LN) and ectopic thyroid tissue at level VI. Also in Hashimoto
thyroiditis, lobulation of thyroid tissue in the posterior or inferior
aspect of the gland can mimic  a parathyroid adenoma. Shimamoto
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Fig. 1. Example of a 7 × 5 × 5 mm (a) parathyroid adenoma (b) with polar vessel sign located in the posterior/inferior aspect of the right thyroid lobe. (c) Qualitative shear
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cave  image and (d) SWV  measurement for the parathyroid adenoma was  2.11 m/
as  <60 mL/min, intact PTH was  48 pg/mL, and history of nephrolithiasis. 24-h urin
ositive  and surgical pathology conﬁrmed the diagnosis.
t al. reported similar ﬁndings about B-mode tissue differentiation
f parathyroid adenoma from LN and thyroid tissue [27].
Two recent studies using the same US machine/model, exam-
ned VTIQ and cervical LN. In the ﬁrst, with 100 LN (43
enign), Cheng et al. reported the mean SWV  for benign LN was
.71 ± 0.85 m/s  (1.68–5.64) [28]. The second larger study (270 LN,
16 benign) with LN and VTIQ reported similar results [29]. The
ean SWV  for benign LN was 2.62 ± 0.64m/s. Both studies indicate
hat parathyroid adenoma may  have a lower SWV  when compared
ith benign LN. Perhaps larger multi-center studies are required to
alidate these ﬁndings.
In a large prospective study, SWV  of thyroid nodules and sur-
ounding thyroid tissue were compared to assess the difference.
he mean SWV  for thyroid tissue surrounding benign thyroid nod-
les (n = 625) was 2.69 m/s  [19]. This is signiﬁcantly higher than
he SWV  for parathyroid adenomas in this study. We  propose that
nowing SWV  for a speciﬁc tissue can help us to identify this tis-
ue. The ﬁnding that parathyroid adenomas appear to show less
tiffness compared to thyroid tissue is presumed mostly due to
he inherent nature of colloid given its high viscosity in normal
hyroid tissue and increasing cellularity (inﬂammatory cells and
umor cells) and ﬁbrosis and calciﬁcation in diseased thyroids. Han
t al. reported that the stiffness of extra-nodular thyroid tissue can
e signiﬁcantly affected by the severity and the different stages of
hronic autoimmune thyroiditis [25]. 2.07m/s. SWV  for thyroid tissue was 2.83m/s. Calcium level was  10.4 mg/dL, GFR
lcium was  168 mg/24 h. Technetium–99 m Sestamibi Scintigraphy (MIBI) scan was
Other signs to identify a parathyroid adenoma on US include
its distinct location and shape, in most cases an elongated form
with very hypoechoic texture. In this study, 63% of parathyroid
adenomas were located in the posterior/inferior aspect of thy-
roid gland, while 28% were located in posterior/superior aspect.
9% were ectopic: three parathyroid adenomas were intra-thyroidal
and two  lesions were in the right neck at level VI. Two of three intra-
thyroidal parathyroid adenomas had the highest SWV  in this study.
Although SWV  of parathyroid adenoma in this group was lower
than thyroid tissue, diagnosis was made primarily with vascularity
pattern and FNAB with PTH washout.
Lane et al. reported the importance of parathyroid vascularity.
The inferior parathyroid gland’s blood supply comes from inferior
thyroidal arteries; whereas the superior parathyroid glands receive
their blood supply from superior thyroidal arteries, their anastomo-
sis, or the inferior thyroidal arteries [7].
In our experience a distinct vascularity pattern suggestive of
polar vessel sign may  improve our ability to identify candidates for
parathyroid adenoma when combined with other B-mode features.
Overall polar vessel sign was present in 49 of 57 patients (86%) in
this study; however there are other studies where polar vessel sign
was less reliable as a predictor for parathyroid adenoma [30,31].
The ability to visualize polar vessel sign depends on the quality of US
machine and experience of sonographer. Reactive LN with periph-
eral vascularity and vascular thyroid glands with lobulation can
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Fig. 2. Example of a 6 × 4 × 5 mm (a) parathyroid adenoma (b) exhibiting polar vessel sign located in the posterior/inferior aspect of the right thyroid lobe. (c) SWE  image
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athology conﬁrmed the diagnosis.
ause false positive results. Among patients with ectopic parathy-
oid adenomas, polar vessel sign, and FNAB with PTH washout were
articularly helpful in making a diagnosis of parathyroid adenoma.
ane et al. reported that polar vessel sign seen on US was  present
n 83% (35 of 42) of parathyroid adenomas [7].
MIBI scan was positive in 37 of 57 patients (65%) in this study.
iagnostic accuracy of MIBI scan is variable and improves when
ombined with neck US. Our result is similar to several published
tudies [8–13].
When we compared MIBI scan positive and negative groups,
he size of parathyroid adenoma was slightly larger in the positive
roup, median of 12.3 mm (range 5.1, 30.5) versus 9.8 mm (range
.1, 27.0). The presence of thyroid nodule was lower in the positive
roup (59% versus 75%). Neither variable reached statistical sig-
iﬁcance, perhaps due to the low number of patients in this study.
here was no signiﬁcant difference in pre-op calcium and PTH level
etween the two groups.
In 20 patients (35%) with negative MIBI scan, we performed
NAB with PTH washout. The range for PTH washout was, in our
tudy, between 252 and 61,675 pg/mL. In this group 17 patients
ad successful surgery, including the patient with the lowest PTH
ashout of 252 pg/mL. We  did not encounter any complications
ssociated with FNAB, perhaps due to using 27-gauge needles and
ewer passes. Our surgeons did not report any difﬁculty in resect-
ng parathyroid adenoma. Bancos et al. reported in a study withith negative MIBI scan. Calcium level was 11.5 mg/dL (normal range 8.6-10.2 mg/dL)
PTH washout was performed; PTH was 599 pg/mL in the biopsy aspirate. Surgical
75 patients with parathyroid adenoma 100% speciﬁcity and 84%
sensitivity of FNAB with PTH washout [14].
In our study, low 24-h urinary calcium ( < 100 mg)  in three
patients was  due to impaired renal function with GFR <60. All three
patients had elevated serum PTH, calcium, positive MIBI scan and a
candidate for parathyroid adenoma visualized on US. Two  patients
had surgery and diagnosis was  conﬁrmed. Hyperparathyroidism
with normal calcium level and normal vitamin D was  present in
one patient who had a partially cystic parathyroid adenoma.
5.1. Other diagnostic modalities
The 4D CT scan may  also help in localizing parathyroid adeno-
mas  with negative MIBI scan or ectopic lesions in deeper locations
in the neck when US view is impaired. The prohibiting factors
are radiation exposure and the cost of this test. 4D CT scan does
take advantage of similar morphologic factors like vascularity pat-
tern, polar vessel sign, and enhancement pattern; however a recent
publication in Radiology Journal reported variable enhancement
patterns of parathyroid adenomas [6,32].5.2. Limitations
There are several limitations in our study. The low number of
subjects is perhaps an important limitation. The study was per-
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alcium of 298 mg/24 h. (normal range 100–300 mg/24 h). FNAB with PTH washout
ormed in a single center. All candidates for parathyroid adenomas
ere identiﬁed with US and elastography exam ﬁrst. Then they had
ubsequent MIBI scan and, if indicated, FNAB with PTH washout.
ince elastography exam was performed with the ﬁrst US exam, the
esult did not change the management. While the majority of our
atients (74%) had surgery for parathyroid adenoma, 15 patients
26%) did not have surgery. Reasons for not having surgery were
ither mild hypercalcemia or the patient was inclined to wait.
US technology may  not be the best modality for ectopic parathy-
oid adenomas when located in the tracheal-esophageal groove, in
he posterior mediastinum, or thymus. Jaskowiak et al. reported
hat only 10% of parathyroid adenomas are intra-thyroidal [33]. Our
nding may  reﬂect a limitation of US technology. Larger, random-
zed controlled studies are required to examine our ﬁndings.
. Conclusion
VTIQ-generated SWE  may  provide valuable information in
iagnosing parathyroid adenoma. Tissue elasticity of parathyroid
denoma is signiﬁcantly lower than thyroid tissue. Combining B-
ode, vascularity pattern, and SWE  may  improve our ability to
etect parathyroid adenoma and may  reduce the number of FNA
iopsies with PTH washout or diagnostic imaging including MIBI
can.. Conﬂicts of interest
nonerathyroidal parathyroid adenoma with (b) classic polar vessel sign. (c) SWV  mea-
s 3.00m/s. Calcium level was 11.6 mg/dL and intact PTH was 33 pg/mL, with urinary
erformed PTH was 5310 pg/mL. Surgical pathology conﬁrmed the diagnosis.
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